especially in patients with wearing-off phenomena.6 7 More recent investigations suggest these beneficial effects may be sustained in ambulatory patients during several weeks of round-the-clock infusion.78 The foregoing observations have stimulated the search for a controlled release levodopa preparation that might provide a practical approach to the long-term maintenance of stable plasma drug levels. Those tested in the past have proven unsatisfactory, largely owing to their poor bioavailability and erratic release patterns.9 '0 Improved formulations have recently been developed including CR III (Merck, Sharp and Dohme) in which levodopa (200 mg) and carbidopa (50 mg) are embedded in a non-fragmentable, polymer matrix. " Favourable initial results with this compound7 prompted the present study of the long term efficacy and safety of CR III in patients with wearing-off or on-off phenomena.
Levodopa remains the single most effective, currently available antiParkinsonian agent. Nevertheless, disabling fluctuations in motor performance develop in many patients receiving long term treatment with this drug. ' 2 These mainly consist of dose related wearingoff responses or the rapid, unpredictable shifts characteristic of the on-off phenomena. Previous studies have indicated that the acute maintenance of steady plasma levodopa levels, by means of intravenous drug infusions, tends to stabilise motor responses, 3 5 especially in patients with wearing-off phenomena.6 7 More recent investigations suggest these beneficial effects may be sustained in ambulatory patients during several weeks of round-the-clock infusion.78 The foregoing observations have stimulated the search for a controlled release levodopa preparation that might provide a practical approach to the long-term maintenance of stable plasma drug levels. Those tested in the past have proven unsatisfactory, largely owing to their poor bioavailability and erratic release patterns. 9 '0 Improved formulations have recently been developed including CR III (Merck, Sharp and Dohme) in which levodopa (200 mg) and carbidopa (50 mg) are embedded in a non-fragmentable, polymer matrix. " Favourable initial results with this compound7 prompted the present study of the long term efficacy and safety of CR III in patients with wearing-off or on-off phenomena.
Methods
Seventeen patients with the diagnosis of idiopathic Parkinson's disease (12 men, 5 women; ages 29 to 72 years, mean 57 + 11 years) with symptoms of 2 to 21 years duration (mean 13 + 7 years) consented to participate in this study. Parkinsonian severity (unmedicated state) ranged from mild to severe: one patient was at Hoehn and Yahr 2 stage II, seven at stage III, two at stage IV, and seven at stage V. All study subjects had received standard levodopa-carbidopa (Sinemet; Merck, Sharp and Dohme) treatment (I to 16 years, mean 10 ± 5 years). Seven were considered to have wearingoffresponses with relatively predictable oscillations in motor performance related to their every 2 hour standard levodopa-carbidopa schedule, while 10 were diagnosed as having on-off phenomena, as defined by the presence of abrupt, erratic motor fluctuations not controllable by alterations in the timing or dosage of medication. Throughout this clinical trial two patients remained on a fixed dose of a standard anticholinergic preparation, while three continued to receive constant doses of bromocriptine or pergolide.
The study was conducted in four phases, all but the last carried out while patients were admitted to the Clinical Center at the National Institutes of Health: phase 1-Sinemet given every 2 hours; phase 2-CR III given every 6 hours for 1 week; phase 3-CR III given every 4 hours for I month; phase 4-CR III plus Sinemet (usually 50 mg levodopa and 12-5 mg carbidopa) given every 4 hours for 3 to 10 months. In addition, some patients also received intravenous infusions of levodopa around-the-clock in combination with orally administered carbidopa (50mg every 3 hours) for at least 3 days. All orally administered medications were given during waking hours at optimal therapeutic dose levels. Diet was controlled by restricting protein and caloric intake to the minimum daily requirement on physician rating and blood drawing days, and giving the meals at least 45 minutes before or after the time of drug administration. Not all patients participated in every study phase. CR III included; lack of an obvious antiParkinsonian E"surge" and difficulties with optimal dose titration. nous Safety data obtained during both the acute and opa chronic phases of this study revealed no toxic effects of CR III. Discussion
The present results indicate that CR III functions as a controlled release levodopa preparation in Parkinsonian patients. Considering average data from the entire patient group, CR III appears to produce relatively stable plasma levodopa levels for at least 4 hours. Nevertheless, analysis of individual patient data revealed considerable residual variability in circulating drug levels. Overall the drug is only about one-third as effective as intravenously administered levodopa in reducing the fluctuations in plasma levodopa which attend the oral administration of Sinemet. Moreover, the bioavailability of CR III is relatively limited, averaging about one-third that of Sinemet. An oral intake more than twice that of the standard drug is thus necessary to achieve comparable blood levels and antiParkinsonian efficacy. Variations in plasma levodopa with CR III probably can not be attributed to dietary influences, since these were minimised during days when circulating drug levels were measured. Gastrointestinal factors are more likely to have been contributory, since abnormalities in this system are common in Parkinsonian CR III given every 4 hours significantly reduced the motor fluctuations observed during treatment with Sinemet given every 2 hours. Although these variations improved in a majority of patients, the degree of benefit was often small and inconsistent from dose to dose. The objective findings revealed a statistically significant improvement only in Parkinsonian scores and variance values; our failure to document a statistically significant reduction in dyskinesia variance presumably reflects the large intra-and interpatient variability, small number of study subjects, and the modest overall drug effect. Since stabilisation of plasma levodopa levels through its intravenous administration diminishes the motor fluctuations in most Parkinsonian patients,38 the relatively modest reductions in plasma levodopa variance achieved with CR III may have contributed to the minor clinical improvement observed in most patients admitted to this study. Furthermore, the limited efficacy of CR III probably also reflected the advanced stages of illness of many study subjects.
Some patients, especially those with on-off phenomena, did not perceive sufficient improvement in response stability with CR III to offset the loss of the antiParkinsonian surge typically associated with Sinemet. In an attempt to correct this deficiency, a small supplement of Sinemet was added to each patient's CR III regimen. As a result, Parkinsonian fluctuations increased, while CR III acceptance by patients with on-off phenomena improved. This apparent paradox may be attributable to the brief elevation in circulating drug levels produced by levodopa supplementation, thus increasing plasma levodopa variance and providing a brisk antiParkinsonian effect to those patients whose motor responses did not completely stabilise on CR III.
In terms of patient acceptability, CR III had several advantages over Sinemet. These benefits included the convenience of less frequent dosing, diminished early morning dystonia, and improved sleep. A major disadvantage of CR III, especially in patients with on-off phenomena, was the perceived lack of a reliable antiParkinsonian surge following drug ingestion. Attempts to increase the dose or shorten the interdose interval failed to improve antiParkinsonian efficacy and often resulted in prolonged periods of severe dyskinesia or akinesia.
CR III appears to be a modest, yet definite, step forward in the formulation of drugs for the relief of Parkinsonian symptoms. More importantly, observations with this drug support the concept that pharmaceutical attempts to stabilise plasma levodopa fluctuations will tend to smooth the motor response fluctuations which complicate standard levodopa therapy. Levodopa toxicity, as well as disease progression, may contribute significantly to the presence of these response fluctuations by several mechanisms.' 17 It is tempting to speculate that the continuing oscillations in circulating plasma and presumably brain levels of levodopa attending the administration of standard oral preparations may have pathogenetic significance. This possibility is supported by reports that bromocriptine, with a plasma half life more than twice that of levodopa, is less prone to produce motor response fluctuations. '8 Studies of the prophylactic value of sustained release preparations in less incapacitated patients may thus be of interest. In the meantime, the present results should stimulate further attempts to develop controlled release formulations with improved bioavailability and more stable release patterns.
